The extraction and separation of the divalent metals was studied by using ionic liquid,
Nowadays, new solvent, ionic liquids, attracts people's interests because of its nonvolatile and noncombustible character and is regarded to a solvent in harmony with environment. In the field of solvent extraction, ionic liquid is expected to be not only environment friendly solvent but also an extracting solvent possessing an unique extractability. [3] It was found that 2-PA considerably dissolved in BMIM-PF6 to form a concentrated 2-PA solution, 0.10 M(M=mol dm-3). In the present study, although nowadays there several kinds of ionic liquids are available, BMIM-PF6 was mainly used in this study since it is used most widely and has a good solubility to 2-PA. Nit, Cd2+, Pb2+, and Zn2+ were arbitrarily selected as an analyte according to the environmental significance and were subjected to the extraction with 2-PA BMIM-PF6 solution. As for Nit+, there is a striking contrast in the extraction behavior with between CHC13 and BMIM-PF6.
That is, the percent extraction of Ni2+ was less than 3% in the entire pH region examined in the 2-PA CHC13 extraction system, but that was greater than 90% in the pH region of 3.9-4.3 in the 2-PA BMIM-PF6 extraction system.
Extraction equilibrium
It is known that components in ionic liquid react with metal chelate complex to form an ion association complex in the some metal extraction systems. [4] Therefore, the extraction of these metals with CHC13 solution containing 1-butyl-3-methyl imidazolium chloride and 2-PA and the extraction of these metals showed that the components of BMIM-PF6 did not affect 2-PA CHC13 extraction at all.
Therefore, it was considered that BMIM-PF6 worked simply as a diluent and metals were extracted in the form of chelate complex without forming ion association complex.
In the 2-PA CHC13 extraction system, it was ascertained by the slope analysis that Cd2+ was extracted in accordance with the following equilibrium,
where the subscript (o) denotes the organic phase and (w) means the aqueous phase and Cdcif and cit3-are the cadmium citrate complex and citrate anion, respectively. If same things hold in the present 2-PA BMIM-PF6 extraction system, the plots of logD vs. pH and logD vs. log for Cd2+ should produce the line with slopes of 2 and 3, respectively. The plots of logD vs. pH for Cd2+, which was obtained from the data shown in Fig. 1 , exhibited slope of 1.9(r2=0.981), and the plots of logD vs. log[2-PA] showed slope of 2.9 (r2=0.997), as can be seen in Fig.2 . Since the slopes of the logD vs. pH and logD vs. log[2-PA] plots are close to 2 and 3, it can be concluded that 2-PA BMIM-PF6 solution extracted Cd2+ in the same way to the 2-PA CHC13 extraction system.
As for Pb2+ and Zn2+, neither metals were extracted sufficiently, so that further examination was not carried out in this study. While, the slope of the logD vs. pH plots of Ni2+ was -0.2, and did not give the integral number.
Although it was suspected that components in ionic liquid react with Ni-complex with 2-PA to form an adduct, details have not been proved yet.
Separation between Ni2+, Cd2+, Pb2+, and Zn2+
In the present 2-PA BMIM-PF6 extraction system, extraction behavior of Ni2+ was quite different from those of Cd2+, Pb2+, and Zn2+, so that Ni2+ can be easily separated from these metal ions by carrying out its extraction in the acidic pH region. At pH 7.2, percent extractions of Pb2+ and Zn2+ were both 0%, while that of Cd2+ was 92%, therefore, Cd2+ can also be fully separated from Pb2+ and Zn2+ by extracting Cd2+ at pH 7.2. The separation of Pb2+ and Zn2+ is also possible by extracting them at pH 9.8, since the extractabilities of Pb2+ and Zn2+ at pH 9.8 were 67% and 3%, respectively.
In conclusion, it can be said that the separation between Ni2+, Cd2+, Pb2+, and Zn2+ can be achieved by the present 2-PA BMIM-PF6 extraction system.
